To compare the effects of weight loss with and without exercise on 1) dietary prescription adherence and 2) non-structured activity in postmenopausal women. Design: Longitudinal study. Setting: Clinical research setting with facility based exercise and nutrition education. Participants: Overweight and obese women, 45-76 years old. Intervention: 6 months of weight loss alone (WL; N=38) or with aerobic exercise (AEX+WL; N=41). Measurements: Cardiorespiratory fitness (VO 2 max), resting metabolic rate (RMR), seven day food intake, and physical activity (by Actical accelerometers worn in a subset subgroup: WL: N=10; AEX+WL: N=15) were assessed before and after the interventions. Results: Both interventions resulted in similar weight loss (~9%) and no signficant changes in RMR, while only the AEX+WL group improved VO 2 max (~10%). At baseline, the AEX+WL group consumed slightly more protein than the WL group (P<0.01). Macronutrient intake did not change following AEX+WL, but the WL group decreased their fat intake and increased their carbohydrates and protein intakes (Ps<0.05), which resulted in similar macronutrient intakes between groups post-intervention. Weekday total activity counts decreased 22% (P<0.05) following WL. This change tended (P=0.07) to be different than the lack of change in non-structured activity observed following AEX+WL. Conclusion: Although similar dietary adherence was observed, these data suggest that postmenopausal women undergoing weight loss may benefit from the addition of exercise to prevent the decline in non-structured activity observed following weight loss alone.
Introduction
Poor dietary intake and reduced total daily energy expenditure (TDEE) appear to be at the root of obesity development. Hormonal changes associated with the menopausal transition, as well as factors related to aging (lower metabolic rate and more sedentary lifestyle), result in weight gain (1) . This places postmenopausal women at increased risk for the development of chronic diseases (2) . Decreasing caloric intake, modifying macronutrient intake, and increasing physical activity (PA) remain the first line of treatment defense to induce weight loss (3) .
Weight loss interventions typically follow a similar regimen with energy deficit goals of 500-1,000 kcals/d (~0.5-1 kg/ week) and total dietary fat equal to <30% of total kcals/d. Within 6 months, these diets, on average, only produce a weight loss of 5 to 8.5 kg (4) rather than the predicted 11-22 kg, indicating a discrepancy between dietary prescription and adherence. Further, Del Corral et al. (5) found that the greater the severity of caloric restriction, the less the dietary adherence, suggesting that a more liberal approach to weight loss may be beneficial. Self-reported adherence to caloric restriction recommendations are associated with greater weight loss (6) . Interestingly, the addition of PA to weight loss interventions enhances dietary adherence and leads to greater fat loss compared with weight loss only interventions in obese premenopausal women (7, 8) .
TDEE can be elevated by increasing resting metabolic rate (RMR), structured exercise, or activities outside of structured exercise (non-structured PA). While older, aerobically trained, chronic exercisers have greater TDEE and activity related energy expenditure than sedentary older adults [9, 10] , shortterm (<12 months), prescribed aerobic exercise results in a decrease (11, 12) or no change (13) (14) (15) in non-structured PA in older adults. While it is well known that structured exercise results in beneficial health improvements, high amounts of non-structured PA, even if at a light intensity, are correlated with better physical health and well-being in older adults (16) , emphasizing the importance of non-structured PA. In obese adolescents, weight loss improves non-structured PA (17) . To the best of our knowledge, there are no studies available examining the effects of weight loss alone and only one study with the combination of weight loss and aerobic exercise on non-structured PA in overweight, older women. Wang et al. (18) found that overweight, postmenopausal women undergoing five months of weight loss with prescribed aerobic exercise expend more energy on non-structured PA on days that they do not perform structured exercise, especially if the prescribed exercise is of a higher intensity (vigorous vs. moderate intensity). Further, these data indicate that outside influences (e.g. structured exercise, work) affect non-structured PA in postmenopausal women and may influence nonstructured activity patterns during the week differently than the weekend. Thus, we proposed to compare the effects of six months of weight loss with and without prescribed aerobic exercise on 1) dietary prescription adherence and 2) non-structured PA in overweight and obese, postmenopausal women. We hypothesized that the addition of aerobic exercise to weight loss will result in greater dietary prescription adherence, but reductions in non-structured PA in postmenopausal women compared to women undergoing weight loss alone. Further, we will examine how the changes in non-structure PA differ on weekend days versus weekdays to determine whether differences in daily activities affect non-structured PA. These results may have important implications for clinical practice and the development of future strategies for health promotion in older, overweight women.
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Materials and methods
Subjects
Generally healthy, nonsmoking, sedentary (no exercise >20 min, 2 days per week), overweight and obese, postmenopausal (45-80 year old) women (n=174) were recruited from the Baltimore, Maryland area (19) . Research methods and procedures were approved by the Institutional Review Board of the University of Maryland School of Medicine, and each participant provided written consent prior to participation in the study. Women were screened by a medical history questionnaire, physical exam, fasting blood profile, and a graded exercise treadmill test in an attempt to exclude those with unstable medical conditions. Specifically, exclusion criteria included evidence of hypertension, hypertriglyceridemia, heart disease, cancer, liver, renal or hematological disease, orthopedic limitations, and/or medical conditions deemed to impact participation.
Interventions
Of 96 women who finished the interventions (body composition and VO 2 max data previously published (19) ), a subset of women with complete pre-and post-intervention food records (n=79) are included in the current study analyses. Women who were initially recruited were not different from the women who completed the study (with or without complete food records) with regard to age, BMI, % body fat, and race. Thirty-eight women who completed the weight loss intervention only (WL) and 41 women who also performed aerobic exercise three times per week for six months (AEX+WL) are included. All women underwent six weeks of "heart healthy" dietary modifications (consuming <30% of total calories as total fat, 10% as saturated fat, 300 mg of cholesterol, and 2,400 mg of sodium per day) with weight maintenance, followed by six months of weekly weight loss classes instructed by a Registered Dietitian (RD). Weight loss instructions included following the "heart healthy" dietary modification guidelines plus beginning a 250-350 kcal/d hypocaloric diet with a goal ~5-10% weight loss over the study duration. Aerobic exercise prescriptions for the AEX+WL group incorporated a progressive treadmill training exercise plan where intensity began at ~50-60% of heart rate reserve for 30 min and progressed to >85% for 50 minutes. Women continued to exercise throughout post-testing. For this particular study analysis, intervention adherence was assessed by the proportion of dietary and exercise sessions completed vs. sessions scheduled and the ability to lose at least 5% of body weight and, by food record analysis, achieve a weekly average caloric deficit of at least 250 kcal/d with <30% of total calories contributed by fat.
VO 2 max and Body Composition VO 2 max was measured using a maximal treadmill test before and after both interventions as previously described (19) . Participants had their body weight and height measured to determine BMI (kg/m 2 ). Percent body fat and fat-free mass (FFM) were determined by dual-energy X-ray absorptiometry (Prodigy, LUNAR Radiation Corp., Madison, WI). The data of intervention changes in VO 2 max and body composition have been previously published (19) .
Dietary Intake and Energy Expenditure
Instruction on completing food records was provided by a RD. Seven-day food records were collected at baseline (prior to beginning the heart healthy diet) and during the final week of WL and AEX+WL. Records were analyzed by the RD using Nutritionist Pro (Axxya Systems, Stafford, TX) to determine average total daily energy intake, as well as the % of calories consumed from energy producing nutrients and g/kg/d of protein intake.
Subjects consumed two days of an isocaloric diet (55-60% carbohydrates, 15-20% protein, and <30% fat) provided by the RD. They reported to our laboratory after a 12-hour fast. RMR was measured by indirect calorimetry (COSMED; Rome, Italy), while subjects rested quietly in the supine position for 30 minutes. Energy expenditure was calculated by the Weir equation (20) and expressed per 24 hours before and after WL and AEX+WL.
Activity logs (subjects reported brief descriptions of activities that were completed each hour) were collected and biaxial accelerometers (Actiwatch AW16; Mini Mitter; Bend, OR) were worn for five consecutive days (three week and two weekend days) during the first week of beginning the interventions and during the last week of completing the interventions. The unit was secured over the subject's hip with an elasticized belt to maintain a normal pattern of PA and only removed for bathing. Most subjects wore the accelerometer from a Friday morning through a Wednesday morning. Women in the AEX+WL group typically put the accelerometer on after a Friday morning exercise session and returned the accelerometer prior to initiating the exercise session Wednesday morning, thus wearing the accelerometers during their center-based Monday morning treadmill training session. To test whether the amount of activity accomplished during a structured exercise session increased in the AEX+WL group, the activity during the exercise session was compared pre and post intervention. Additionally, this structured exercise was removed to compare the average remaining "nonstructured" activity achieved pre and post intervention, as well as between interventions. There were 15 women in the AEX+WL and 10 women in the WL group who had activity count data available from days with and without center based exercise pre and post-intervention, respectively. Data were collected in one-minute epochs (sampling times) and analyzed using Actiware Version 2.1 software. Data were summarized as total non-structured activity counts and sleep time for both interventions and structured exercise for the AEX+WL group. Non-structured activity counts excluded activity counts achieved during sleep time and the structured exercise session for the AEX+WL group. Sleep time was designated as the number of minutes that the accelerometer read "0" for at least 20 consecutive minutes and the participant reported sleeping on their activity log). Data were averaged over five days (weekend + weekday), as well as by weekend and weekdays. Total activity counts were broken into tertiles to determine low, middle, and high levels of physical activity. The data was examined to determine whether an individual shifted into a different activity tertiles post-intervention.
Statistical Analysis
Independent t-tests were used to determine differences between groups at baseline and after the weight loss interventions. Repeated measures ANOVAs were used to assess changes over time between the groups and to control for baseline differences. Paired t-tests were used to determine intervention changes within each group. Pearson chisquare tests were used to determine whether distributions of categorical variables differed from one another between groups. Pearson correlations were used to assess relationships between key variables. All statistical tests were two-tailed. Data are expressed as means ± SEM, and significance was set at the 0.05 level. All analyses were performed utilizing PASW Statistics (Version 18, Chicago, IL).
Results
Effects of WL and AEX+WL Interventions
Baseline Groups were similar with respect to physical characteristics. Age, weight, BMI, % body fat, FFM, and RMR did not differ between the two groups ( Table 1 ). All women had poor cardiorespiratory fitness (VO 2 max), but women in the AEX+WL had a slightly higher fitness level (WL vs. AEX+WL: 18±1 vs. 21±1 ml/kg/min; P<0.01) at baseline. Working status did not differ by intervention, with 14% of women working part-time, 61% full time, and 25% retired. Compared to the WL group, baseline dietary protein intake was greater in the AEX+WL group (P<0.05). Because alcohol intake was minimal for both groups (60% of subjects consumed <1 g alcohol/d), it was eliminated from further analyses.
At baseline, weekend, weekday, and average week (weekend + weekday) PA was similar between groups ( Figure 1 ). Sleep patterns (Table 2 ) also were similar between groups at baseline. Sleep was greater on the weekends (averaging 9.0 hrs/night) than during the week (averaging 7.5 hours/night) (P<0.01). Neither baseline activity counts nor sleep time were related to baseline cardiorespiratory fitness.
Post Interventions
As published previously (19(), the WL and AEX+WL interventions led to significant loss of body weight, BMI, body fat, and FFM. The losses were similar between interventions (Table 1) . Based on food record analyses, both groups had a ~11% mean reduction in total calories following the interventions (Ps<0.01). The average caloric reduction in each group did not reach the prescribed caloric reduction of at least 250 kcals/d. Further, ~67% of subjects in each group cut their caloric intake by at least 250 kcals/d. There were no changes in the macronutrient dietary intake composition in AEX+WL; however, the WL group decreased the % of calories consumed from fat and increased intake of carbohydrates and protein (Ps<0.05) ( Table 2 ). While these changes were different between groups (Ps<0.05), they resulted in macronutrient intakes that were similar between groups following the intervention. Attendance to the dietary classes was not different between groups, with an average attendance of 89±2% (previously published (19) ). Attendance to the dietary sessions was not correlated with changes in body composition or dietary intake. Changes in caloric and macronutrient intakes were not related to changes in weight, body fat, or activity counts.
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Figure 1
Non-structured total activity counts during the average weekend, weekday, and weekend + weekday before and after six months of weight loss with and without aerobic exercise (mean ± SEM) †P=0.07; *P=0.05.
The AEX+WL group attended 90±2% of exercise sessions (previously published (19) ). The change in absolute VO 2 max (before and after controlling for baseline VO 2 max differences) was different by intervention (P<0.01), with no significant change after WL and a 10% increase after AEX+WL (P<0.01). Activity counts achieved during the individual treadmill training session increased 105% from baseline to post intervention (pre vs. post: 26,046±3,922 vs. 53,302±5,860 activity counts; P<0.05). Weekday total activity counts decreased 23% following WL (P<0.05), with a trend for a 26% decrease in the average weekend + weekday total activity counts (P=0.07), but activity counts did not change following AEX+WL. There was a trend for a significant difference in the change in weekday and weekend + weekday total activity counts by intervention (P=0.07), which resulted in intervention differences in weekday and weekend + weekday total activity counts post intervention (P<0.05) (Figure 1 ). Thirty-six percent of women in the AEX+WL group shifted upward one category towards a higher activity tertile, compared to none in the WL group. Additionally, only 29% of women in the AEX+WL group shifted downward to a lower activity tertile, compared to 42% in the WL group. The change in total activity counts was not associated with the changes in weight and body fat. Additionally, the change in VO 2 max did not correlate with the change in the activity counts accumulated during the treadmill exercise training session.
Discussion
The focus of this study was to assess how each intervention affected dietary prescription adherence and structured and non-structured PA. This information is needed to determine how best to promote a "heart healthy" dietary modification and improve TDEE while undergoing weight loss.
Dietary Prescription Adherence
The finding that both groups lost an average of eight kg of body weight indicates that women achieve a deficit of ~350 kcals/d, thus achieving the upper range of prescribed weight loss goals (~9%). Food record analyses also support similar mean caloric restriction between groups. These data contradict previous reports (7, 8) , which suggested greater adherence to caloric restriction regimens when PA is added to weight loss. However, these previous studies enrolled premenopausal women, prescribed more severe caloric restrictions, and were of short duration (8-12 weeks), suggesting that older women undergoing weight loss may find greater success with weight loss when moderate caloric deficit is promoted over a longer duration.
JNHA: CLINICAL TRIALS AND AGING
According to the Institute of Medicine's Food and Nutrition Board, acceptable macronutrient distribution ranges for adults range from 45-65% for carbohydrates, 10-35% for protein, and 20-35% for fat (21) . However, a fat intake of <30% is recommended to reduce the risk of chronic diseases, such as heart disease and certain cancers (21) . A recent study examined trends in dietary intake patterns found that older adults consume ~47% of calories from carbohydrate, ~18% from protein, and ~30% from fat (22) . This is similar to the macronutrient profiles of women in the current study. The baseline fat intake was slightly above the 30% recommendation in the WL group. The WL group decrease the proportion of calories consumed from fat and increase carbohydrate and protein intakes to a greater extent than the AEX+WL group. This resulted in similar macronutrient proportions between interventions post-intervention. Combined with a high attendance rate to dietary classes, which was not different by intervention, these data suggest that WL and AEX+WL result in similar dietary adherence to a weight loss intervention.
Energy Expenditure and Physical Activity
As mentioned previously, energy expenditure can be boosted by increasing RMR, structured exercise, and non-structured PA. Studies examining the effects of weight loss on RMR, both with and without structured aerobic exercise, consistently show a decrease in RMR (23) (24) (25) . In contrast, RMR did not significantly decrease in either group in the present study. This could be a result of our modest approach to weight loss, which resulted in minimal loss of FFM. The high exercise session attendance rate, improvement in exercise activity counts, and increase in VO 2 max indicate that the women in this study were successful at completing the structured exercise portion of the AEX+WL intervention. Further, the addition of structured aerobic exercise to weight loss prevented the ~23% and ~26% decrease in weekday and weekend + weekday non-structured total activity counts observed following weight loss alone, respectively. Thus, these data provide evidence that aerobic exercise should be promoted during periods of weight loss to not only improve structure exercise energy expenditure, but also maintain non-structured PA in older women.
In women undergoing WL only, the decrease in weekday non-structured activity counts suggests that maintaining activity during weight loss may be difficult to achieve during the week, and thus PA may be best incorporated into a daily routine if promoted on the weekend vs. during the week. This is further supported by the greater % of time spent sleeping on the weekend, suggesting that women may have more time to perform PA on the weekend. Similar conclusions have been drawn by Young et al. (26) , who found that overweight and obese adults were more likely to complete a combination of moderate and vigorous physical activity (MVPA) during the weekends than during the week. Our study did not show a difference between weekend and weekday activity.
While activity intensity thresholds have been set using the specific model of Actiwatch accelerometers in children and adolescents (27) (28) (29) , these thresholds have not been validated in older adults. Using these cutoffs, the women in our study spent ~66%, 33%, and <1% of their time performing sedentary, light, and MVPA. Some studies suggest that because older adults spend a higher percentage of their time completing low intensity activities and less time performing high intensity activities (30) , the activity thresholds for children and younger adults may not pertain to older adults (31, 32) . However, another study found that thresholds are adequate across a wide age range, including older adults (33) , even though this study used a different accelerometer model (Actigraph) than that of the current study. Thresholds are defined for older adults using the Actigraph accelerometer (34) (35) (36) . These values were originally validated in a young (age range 23-30 years old), healthy population of men and women (37-39). Buman et al. (16) show that women between the ages of 66-69 years of age spend ~61%, ~38%, and ~2% in sedentary, light, and MVPA, respectively. These percentages are remarkably similar to our findings. Troiano et al. (35) report that African Americans and Caucasians who are 60+ years old only spend 5.9±0.8 and 8.8±0.6 minutes/day performing MVPA, respectively. These data reiterate the need to identify ways to promote nonstructured PA in postmenopausal women to promote energy balance and prevent obesity. Future studies would benefit from using accelerometers with validated physical activity intensity thresholds to determine whether weight loss with and without exercise also affects intensity of activities in postmenopausal women.
Conclusion
These results should be interpreted in light of a few considerations. Underreporting of food records, common in postmenopausal women (40) , may have affected the accuracy of the dietary analysis. To limit this effect, instructions for completing food records were provided by a RD and food records were reviewed by the RD with each study participant. Additionally, the study of dietary and physical activity adherence is complex. Adherence is often measured through analysis of numerous variables (e.g. body composition, energy expenditure and intake, and attendance to dietary and exercise training sessions); thus, it is possible that we did not have adequate power to accurately analyze each adherence variable. However, this is balanced by our extensive subject characterization, which reveals that subjects were similar between groups at baseline, as well as our highly structured weight loss and exercise sessions, which resulted in significant weight loss in postmenopausal women at risk for chronic disease.
Postmenopausal women are successful at achieving weight loss goals if moderate caloric restriction is prescribed over a long duration (i.e. 6 months). Additionally, our data suggest that the addition of structured aerobic exercise to weight loss results in similar dietary prescription adherence to weight loss, and also promotes energy expenditure by increasing exercise PA and preventing a decline in weekday total non-structured activity observed with weight loss alone. Future studies should address whether promoting weekend or weekday structured and non-structured PA results in greater improvements in TDEE and moderate and vigorous physical activity in postmenopausal women.
